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1
REFLECTOR

RELATED APPLICATIONS

This application is a continuation-in-part application of
U.S. application Ser. No. 12/247,424, entitled “A REFLEC-
TOR,” filed on Oct. 8, 2008 which is incorporated by refer-
ence in its entirety herein.

FIELD OF THE INVENTION

The invention relates to a reflector for a reflector antenna
for producing a far field radiation pattern having near-zero
field strength in a predetermined region.

BACKGROUND OF THE INVENTION

Satellite communication has become an important part of
our overall global telecommunication infrastructure. Satel-
lites are being used for business, entertainment, education,
navigation, imaging and weather forecasting. As we rely
more and more on satellite communication, it has also
become more important to protect satellite communication
from interference and piracy. There is now a demand from
commercial satellite operators for satellite antennas that pro-
vide rejection of unwanted signals or minimise signal power
to unwanted receivers.

Especially, satellite communication can be degraded or
interrupted by interfering signals. Some interference is acci-
dental and due to faulty ground equipment. Other interference
is intentional and malicious. By directing a powerful signal at
a satellite, the satellite can be jammed and prevented from
receiving and retransmitting signals it was intended to receive
and retransmit.

The above mentioned problems can be solved by creating
a receive or transmit radiation pattern with zero or near-zero
field strength, also known as a null, in the direction of the
interfering signal or the unwanted receiver. Conventionally, a
region of zero directivity or a null in a radiation pattern is
produced by the summation of a main pattern having a wide
flat gain distribution and a cancellation beam which is of the
same amplitude but in antiphase with the main beam at the
required location of zero field strength. It is known to use
multiple feed elements carefully combined with the correct
relative amplitude and phase to produce such cancellation.

Most commercial satellites these days use reflector anten-
nas shaped to provide the desired regional coverage. The
surface of the reflector in the reflector antenna can be modi-
fied during the design process using reflector profile synthesis
software to produce the required beam pattern. An example of
suitable reflector profile synthesis software is POS from
Ticra. Reflector profile synthesis software of the type used in
synthesising shaped reflectors for contoured beams can also
be used to generate a pattern with low field strength in a
predetermined direction. The reflector profile synthesis soft-
ware numerically analyses the desired far field to suggest a
surface profile of the reflector in order to create the desired
beam. An example of a surface profile of a conventional
reflector for producing a pattern with low field strength in a
predetermined position is shown in FIG. 1. An example of a
far field radiation pattern generated by a conventional reflec-
tor for producing a pattern with low field strength in a prede-
termined position is shown in FIG. 2. The min/max algo-
rithms employed by conventional synthesis software to
produce the appropriate surface profile rely on making
smooth, differentiable changes to the surface and the result-
ing field, close to the zero, exhibits the typical quadratic
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2

behaviour of a cancellation beam approach. A problem with
this approach is that quadratic cancellation patterns are sen-
sitive to random surface errors of the reflector and to errors in
the feed pattern as shown in FIGS. 85 and 94.

The invention aims to improve on the prior art.

SUMMARY OF THE INVENTION

According to the invention, there is provided a satellite
antenna arrangement for a satellite communication system
comprising: a reflector for producing a far field pattern with
near-zero field strength at a predetermined location to reject
unwanted signals from said predetermined location or mini-
mise signal power transmitted to said predetermined location,
the reflector having a surface comprising a stepped profile
arranged to generate the near-zero field strength in the prede-
termined location.

The reflector may be shaped to produce a contoured beam.
The location of near-zero field strength may be located adja-
cent the contoured beam. The location of near-zero field
strength may be located off centre with respect to the con-
toured beam. The location of the near-zero field strength may
also be within the contoured beam.

The reflector may have a parabolic shape and produce a
spot beam.

The stepped profile may comprise a radial step. A radial
step means a step with a step edge in the radial direction. The
stepped profile may also comprise a spiral step. The stepped
profile may also be a smoothed stepped profile providing an
adequate approximation to the ideal, discontinuous step. The
stepped profile may define a phase singularity in the aperture
field pattern of the antenna.

The phase of said far field pattern in the vicinity of the
position of the near-zero field strength may progressively
increase through 360° with angular progression through 360°
around the position and the amplitude of said far field pattern
in the vicinity of the position may vary substantially linearly
about said position of near-zero field strength.

The satellite antenna arrangement may further comprise a
feed for receiving radiation from said reflector or transmitting
radiation towards said reflector.

The invention consequently provides a reflector antenna
suitable for rejecting unwanted signals or minimising signal
power to unwanted receivers. The stepped profile produces a
sharp, deep region of near-zero field strength which is robust
in the presence of reflector surface or feed pattern errors. The
location of the near-zero field strength can subsequently be
steered. The satellite antenna arrangement may comprise a
positioning mechanism for steering the reflector to reposition
the location of the near-zero directivity. Alternatively, or addi-
tionally, the satellite antenna arrangement may comprise a
radiator for generating the radiation pattern for repositioning
the location of near-zero directivity. The feed for receiving
radiation from said reflector or transmitting radiation towards
the reflector may comprise a first feed and said radiator may
comprise a second feed positioned to point directly towards
the far field and configured to produce a beam that covers
substantially the same region as a beam reflected by the
reflector, the second feed being controllable to adjust the
amplitude and phase of the beam of the second feed for
repositioning the location of near-zero field strength. The
beam of the second feed may be a low resolution beam.

According to the invention, there is also provided a satellite
payload incorporating the satellite antenna arrangement. The
payload may further comprise other communications appa-
ratus such as further antennas, receivers and high power
amplifiers.
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According to the invention, there is also provided a reflec-
tor for a reflector antenna shaped to produce a contoured
beam and comprising a stepped profile to generate a region of
near-zero field strength in the far-field of the antenna, the
stepped profile being arranged to generate the region of near-
zero field strength off centre or adjacent the contoured beam.
The stepped profile may comprise a radial or a spiral step.

Furthermore, according to the invention, there is provided
a satellite antenna comprising: a reflector; a first radiator for
receiving a beam reflected from the reflector or for generating
a beam for reflection by the reflector; and a second radiator to
produce a beam that covers substantially the same region as a
beam reflected by the reflector, the reflector comprising a
stepped profile arranged to generate a region of near-zero
field strength in the far-field of the antenna and the second
radiator being controllable to adjust the amplitude and phase
of'the beam of the second radiator for repositioning the loca-
tion of the near-zero field strength.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example, with reference to FIGS. 3 to 15 of the
accompanying drawings, in which:

FIG. 1 shows a conventional reflector for producing a far
field response pattern with near-zero field strength in a pre-
determined region;

FIG. 2 is a three dimensional illustration of a far field
response pattern produced by a conventional reflector;

FIG. 3 is a schematic diagram of a communication system;

FIG. 4 shows a reflector according to one embodiment of
the invention;

FIG. 5 is a contour diagram of the far field response pattern
of the reflector of FI1G. 4;

FIG. 6 is a three dimensional illustration of the far field
response pattern of the reflector of FIG. 4;

FIG. 7 shows a reflector according to another embodiment
of the invention;

FIGS. 8a and 85 illustrate the angular displacement of the
position of near-zero directivity with surface errors in a
reflector with a radially stepped structure (a) and a conven-
tional reflector (b);

FIGS. 94 and 95 illustrate the variation in directivity of the
near-zero directivity with surface errors in a reflector with a
radially stepped structure (a) and a conventional reflector (b);

FIG. 10 illustrates the sensitivity to frequency of the reflec-
tor with a radially stepped structure and a conventional reflec-
tor;

FIG. 11 shows a reflector according to a yet another
embodiment of the invention;

FIG. 12 illustrates the sensitivity to frequency of the reflec-
tor of FIG. 11;

FIG. 13 shows a reflector according to yet another embodi-
ment of the invention;

FIG. 14 is a contour diagram of the far field response
pattern of the reflector of FIG. 13;

FIG. 15 is a schematic diagram of an antenna assembly of
a communication system.

DETAILED DESCRIPTION

With respect to FIG. 3, a satellite payload 1 comprises a
communication system comprising a receive antenna 2 and a
transmit antenna 3. The receive antenna comprises a reflector
4 movably mounted on a frame 5, a feed 6 for receiving the
radiation reflected off the reflector 4 and a positioning module
7 for rotating the reflector 4. Similarly, the transmit antenna 3
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4

comprises a reflector 8 rotatable mounted on a frame 9, a feed
10 for generating a beam of electromagnetic radiation for
reflection off the reflector 4 and a positioning module 11 for
rotating the reflector 4. The satellite payload also comprises a
receive signal processing unit 12 for demodulating the
received signal, a controller 13 for processing the data and
controlling the positioning modules, a transmit signal pro-
cessing unit 14 for modulating the signal to be transmitted and
a memory 15 for storing data and instructions for controlling
the reflectors and feeds. Optionally, the controller 13 may be
located remotely (e.g. on the ground). The receive and trans-
mit signal processing units 12, 14 comprise suitable amplifi-
ers and filters, as would be understand by the person skilled in
the art.

The transmit antenna arrangement 3 will now be described
in more detail. It should be understood that many of features
of'the transmit antenna arrangement also apply to the receive
antenna arrangement 2.

When excitation is applied to the feed 10, electromagnetic
energy is transmitted therefrom to the reflector 4, causing the
reflector to reflect a beam. The reflected energy propagates
through a spatial region. The reflector antenna radiation pat-
tern is determined by the radiation pattern of the feed antenna
and the shape of the reflector. At great distances, the reflector
antenna radiation pattern is approximately the Fourier trans-
form of the aperture plane distribution.

The shape of the reflector 4 of FIG. 3 is shown in more
detail in FIG. 4. The reflector has a parabolic shape with a
radial step for defining a phase singularity in the aperture field
pattern of the reflector. Considering an analogy with optics,
the reflector may be shaped such that the depth along a locus
of all points at a constant distance from the centre of the
reflector progressively increases to create a one wavelength
variation in optical path length around the antenna aperture.
The reflector produces a far field radiation pattern in the form
of a spot beam with a near-zero field strength in a predeter-
mined region. The field strength is exactly zero at some point
at any single frequency. Over a non-zero solid angle and/or a
non-zero bandwidth, the field strength will be only near zero.
The reflector displacement is proportional to the imaginary
part of the logarithm of the complex amplitude and the radial
reflector step is a concrete realisation of a branch cut in the
complex plane. A radial step means a step extending in the
radial direction. The step may extend from the centre of the
reflector to an edge of the reflector.

The feed 10 may be an idealised corrugated horn located at
the focal point of the reflector. The feed may transmit a left
hand circularly polarised (LHCP) signal which generates a
right hand side circularly polarised (RHCP) signal off the
reflector 8. The feed typically produces a signal with a fre-
quency of 30 GHz.

The reflector shown in FIG. 4 has a diameter of 1 m, a focal
length of 1 m and an offset of 0.5 m. The height of the step is
chosen to produce a desired variation in the optical path
length in the aperture. The height should be approximately
half the wavelength of the radiation. Slightly more than half
the wavelength is required because the path length delta is
approximately equal to dz(1+cos(theta)), where theta is the
total reflection angle and dz is the surface movement parallel
to the direction of the reflected ray. The reflector of FIG. 4
would therefore need a height of approximately 6 mm to
produce the desired variation in optical path length in the
aperture for a signal with a frequency of 30 GHz.

It should be realised by the skilled person that although an
embodiment of the invention has been described for a par-
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ticularly polarised feed for producing a signal with a particu-
lar frequency, any suitable polarisation and frequency could
be used.

With reference to FIGS. 5 and 6, the far field radiation
pattern produced by the reflector has zero amplitude in a
predetermined position corresponding to the centre of the
spot beam. The amplitude of the far field response pattern in
the vicinity of the position varies substantially linearly about
said position. The phase of said far field response pattern in
the vicinity of said position progressively increases through
360 degrees with angular progression through 360 degrees
around the position. In FIG. 5, the contours at 40, 30, 20, 10
and 0 dBi are shown. The maximum amplitude is of the order
of 40 dBi.

A receiver located on earth at the position of the near-zero
field strength would not be able to pick up a signal from the
satellite. Consequently, the near-zero field strength can be
used to prevent unwanted receivers from receiving signals
from the satellite.

Although the reflector of FIGS. 4, 5 and 6 has been
described with respect to a transmit antenna 3, it could also be
used in the receive antenna 2 and the receiving pattern of the
receive antenna having a reflector as described with respect to
FIG. 4 would be identical to the far-field radiation pattern of
the transmit antenna, according to the reciprocity theorem.

In a receive antenna, the minimum directivity can be used
to avoid a jamming signal. A jamming signal is a high power
signal aimed at the satellite antenna to stop the satellite
antenna from receiving and processing the signals intended
for the antenna. When the location of the source of the jam-
ming signal is determined, the positioning module 7 can be
used to adjust the position of the reflector such that the region
of near-zero directivity is directed at the source of the jam-
ming signal. That means, of course, that the whole spot beam
is displaced. However, without the region of zero directivity,
the satellite might not be able to receive any signals at all. As
a consequence of the rotation of the reflector 4, the reflector
will not be able to receiver signals on all its intended uplinks
but it will still be operable for most of its intended uplinks.

With reference to FIG. 7, the step does not have to be sharp
to produce the required null. Instead, the step can be a
smoothed out version of a mathematical, discontinuous step,
as shown in FIG. 7. The smooth step does not have any sharp
edges or corners. In one embodiment, the singularity is
smoothed by convolution with a Bessel function. The smooth
shape does not have a significant effect on the nulling perfor-
mance but makes the reflector easier to manufacture.

The region of near-zero field strength produced by the
stepped structures is robust to errors because the gain slope
near the region of zero field strength is high. The same level of
interfering power would move the region of minimum field
strength produced by a stepped structure a proportionally
smaller distance than it would move the region of minimum
field strength produced by a conventional reflector.

Also, because of the mathematical nature of the null, a
small interfering signal, while it will move the precise loca-
tion of the null, will not cause null filling, and hence will not
degrade the null depth. This is in contrast to the situation with
conventional nulling, as demonstrated by FIGS. 9a and 95.
Typical errors include random surface errors on the reflector
and errors in the beam pattern from the feed for which the
reflector is designed.

With reference to FIGS. 8a and 85, the graphs show the
variation in the locations of the minimum directivity for 1000
reflector antennas with random surface errors of fixed root
mean square (rms) of 0.1 mm and minimum ripple period
filtered to 0.2 m. FIG. 8a shows the results for a reflector with
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aradially stepped structure, of the type described with respect
to FIGS. 4, 5 and 6, for producing the position of zero direc-
tivity and FIG. 856 shows the results for a conventional reflec-
tor of the type described with respect to FIGS. 1 and 2. The
graphs have been generated using Monte Carlo analysis. The
random error profiles have been produced by generating ran-
dom values on a fine grid, filtering via Discrete Fourier Trans-
form (DFT) and scaling for correct rms. It is clear from FIGS.
8a and 85 that the displacement of the location of the mini-
mum directivity from its intended position at x=0 degrees and
y=0 degrees is smaller for the reflector with a stepped struc-
ture than for the conventional reflector. Whereas the position
of the null varies between —0.02 degrees and 0.02 degrees
with the stepped structure, the position of the null produced
by a conventional reflector varies between —0.1 and 0.1
degrees.

With reference to FIGS. 94 and 95, the graphs show the
variation in the depth of the minimum directivity for 1000
reflector antennas with random surface errors of fixed rms of
0.1 mm and minimum ripple period filtered to 0.2 m. FIG. 9a
shows the results for a reflector with a stepped structure of the
type described with respect to FIGS. 4, 5 and 6 and FIG. 95
shows the results for a conventional reflector of the type
described with respect to FIGS. 1 and 2. The graphs have been
generated using Monte Carlo analysis. The random error
profiles have been produced by generating random values on
a fine grid, filtering via DFT and scaling for correct rms. It is
clear from FIGS. 94 and 95 that the depth of the null created
using a radially stepped structure is not as sensitive to errors
as the null created using a conventional reflector. Whereas
random surface errors on the conventional reflector some-
times cause null filling (up to approximately 20 dBi in the
graph of FIG. 95), random surface errors on the reflector with
a radially stepped structure do not significantly affect the
depth of the null. In FIG. 95, the surface errors sometimes
increase the directivity of the null such that the null is unus-
able in practice. Consequently, the pattern produced by the
reflector with a radially stepped structure is more robust to
surface errors than the pattern produced by the conventional
reflector.

In FIGS. 94 and 95, the directivity at the position of mini-
mum directivity is between approximately —60 dBi and —100
dBi. The reason for this variation is the lack of further preci-
sion in the program used to perform the simulation and find
the location of minimum directivity. The gain slope at the null
is 50 high that when the location search routine terminates, the
distance from the actual null is enough to raise the directivity
to approximately between —60 dBi and -100 dBi. Within the
approximations applied in the system, the actual null is infi-
nitely deep.

In the reflector arrangement of the communication system
of FIG. 3, the displacement in the location of minimum direc-
tivity can be compensated for by rotating the reflector slightly
using the positioning modules 7, 11. If the location of mini-
mum directivity has been displaced by 0.02 degrees by ran-
dom errors, the intended location can be re-established by
rotating the reflector 0.02 degrees to reposition the point of
minimum directivity. Using the example of a jamming signal,
ajamming signal in the communication system of FIG. 3 may
result in a received power of at least 100 times the intended
received power. The reflector can be rotated using the posi-
tioning module 7 until the received power is reduced to its
normal level. The satellite operator knows that when the
received power is reduced, the region of zero directivity is
directed at the source of the jamming signal. In other words,
the position of zero directivity can be modified via reflector
steering to minimise the received power and thereby prevent
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the antenna from being jammed. The steering is controlled by
controller 13 which can be located either on the satellite or on
the ground.

The zero directivity is also robust to variations in the radia-
tion pattern of the feed due to, for example, manufacturing
variations in dimensions, idealisations in the modelling soft-
ware or thermal expansion. If an interferer were to transmit
incoherent signals on both polarisations, the limiting factor is
the cross-polar performance of the antenna. Traditional ways
to improve the cross-polar performance of an unshaped offset
reflector may be applied here to reduce this effect. For
example by using a feed designed to eliminate the cross-polar
produced from the main reflector by direct feed synthesis or
by use of one or more sub reflectors to create an image feed at
the main reflector focus.

With reference to FIG. 10, the angular displacement of the
location of minimum directivity for a radially stepped reflec-
tor and a reflector shaped to produce a cancellation beam
according to the conventional method is shown for a fre-
quency between 27 GHz and 30 GHz. It is clear that at least in
one direction, the reflector with a stepped structure is less
sensitive to frequency variations. However, in the other direc-
tion, the location of the minimum directivity for a signal of 27
GHz is 0.06 degrees away from the location of the minimum
directivity for a signal of 30 GHz. It has been found that the
sensitivity to frequency variations can be further reduced by
modifying the stepped structure as shown in FIG. 11.

With reference to FIG. 11, another embodiment of the
reflector is shown in which the stepped structure for produc-
ing the near-Zero directivity is a spiral step. The displacement
between 27 GHz and 30 GHz is reduced with the spiral cut as
shown in FIG. 12. The location of the minimum directivity for
a signal of 27 GHz is 0.015 degrees away from the location of
the minimum directivity for a signal of 30 GHz. Thus, the
sensitivity to frequency has been reduced by a factor of
approximately 2. The points in the graph are 250 MHz apart.
Itis clear that the closer the frequency of the signal to 30 GHz,
the less sensitive the zero directivity is to errors in the fre-
quency. It should be realised that a spiral is just one example
of a different configuration of the step and many other con-
figurations of the step are possible. A particular configuration
of a step would be chosen with consideration to the applica-
tion for the reflector and acceptable error sensitivity.

In other embodiments of the reflector, the reflector may be
shaped to produce a contoured beam but still have a region of
zero or near-zero directivity. The reflector is produced by first
shaping the reflector to produce the desired contoured beam
without a null. The reflector may be shaped with reflector
profile synthesis software which numerically Fourier trans-
forms a desired far-field radiation pattern to determine the
shape of the reflector required to produce the far-field radia-
tion pattern. For example, the reflector may be shaped to
produce a beam that covers a square area. The null is then
inserted into the pattern by multiplication of the far field by
the appropriate phase function, and an approximate aperture
field generated by Fourier transform. This produces an aper-
ture field bigger than the reflector so truncation is necessary.
The shape of the far field can then be re-optimised by re-
running the reflector profile synthesis, allowing only smooth
changes relative to the initial version. Because the null is
robust to surface errors, the null is not significantly affected
by re-optimisation. The location of the zero directivity can be
off centre or adjacent the contoured beam.

With reference to FIG. 13, a shaped reflector is shown that
produces an approximately square beam pattern with a null
inserted adjacent the square beam pattern. The null is inserted
at 0.2 degrees from the side of the square. In FIG. 13, a small
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step on the other side of the reflector can be seen. This step
could be eliminated by smoothing. The contour of the beam
pattern is shown in FIG. 14. The contours at 37, 35 and 30 dBi
are shown.

With reference to FIG. 15, the communication system may
comprise, in addition to or as an alternative to the mechanism
for rotating the reflector, a further radiator 16 for generating a
radiation pattern that displaces the location of zero directivity
an amount equal to the amount it has been displaced by, for
example, surface errors The radiator 16 is positioned such that
it points directly towards the far field and may be designed to
generate a beam that covers substantially the same geographi-
cal region as the beam reflected by the reflector. In some
embodiments, the further radiator 16 may be an additional
feed located near the main feed 10 in the antenna as shown in
FIG. 15. In contrast to the main feed 10, the additional feed is
positioned to point directly towards the earth and not towards
the reflector. The pattern of the further radiator may be low
gain compared with the desired coverage. The further radiator
16 may be a simple low gain horn.

It should be realised that the additional radiator can be used
to reposition the region of zero field strength in both a receive
antenna arrangement and a transmit antenna arrangement
since antennas are reciprocal. The additional feed may be a
low gain receive antenna. The further radiator 16 can accord-
ingly be used to reposition the region of near-zero field
strength such that it is directed towards an area from which an
interfering signal originates or to which it is desired to mini-
mise the transmitted signal power.

Since the field close to the null increases linearly with
distance from the null and has a phase which rotates around
the null, the correct choice of amplitude and phase for the
adjusting radiation from the additional radiator 16 will move
the null a small distance without changing its appearance. The
controller 13 may be used to control the additional radiator 16
to output a radiation pattern suitable for modifying the radia-
tion pattern of the reflector. The correct relative amplitude and
phase for creating the required radiation pattern can be deter-
mined by calculating the correlation between main and
adjusting radiator signals, using standard techniques. For
example, a simple power minimisation algorithm can be used
to create a suitable radiation pattern.

The further radiator 16 could also be used to correct for
frequency variations in the feed by controlling the radiator to
produce a pattern that exhibits the correct degree of frequency
sensitivity. The correct degree of frequency sensitivity may be
produced by introducing additional adaptive amplitudes and
phases.

For best performance with respect to frequency variation,
the additional radiator 16 should be placed close to the phase
centre of the antenna. This can be achieved by positioning the
additional radiator 16 near the centre of the reflector instead
ofnext to the main feed as shown in FIG. 15. In some embodi-
ments, the additional radiator 16 can, for example, be
arranged to protrude from a hole in the centre of the reflector.
However, placing the additional radiator near the centre of the
reflector can cause disturbance to the main antenna pattern
due to blockage. In other embodiments, the additional radia-
tor 16 is therefore placed near the edge of the main reflector to
avoid blockage. Placing the additional radiator near the edge
of the main reflector causes little disturbance to the main
antenna pattern but puts a gentle phase gradient across the far
field relative to the main pattern.

Whilst specific examples of the invention have been
described, the scope of the invention is defined by the
appended claims and not limited to the examples. The inven-
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tion could therefore be implemented in other ways, as would
be appreciated by those skilled in the art.

For instance, although the invention has been described
with respect to a satellite communication system, it should be
understood that the invention can be applied to any commu-
nication system that uses a reflector antenna. Moreover,
although each reflector has been described to produce only
one null it should be understood that further nulls can be
produced in the beam by producing further steps in the profile
of the reflector. The steps would not necessarily be straight
cuts but could coalesce and reinforce each other.

Moreover, the reflector does not need to have a parabolic
shape. The invention could also be used with, for example, flat
plate subreflectors or any other type of suitable reflectors. It
should also be understood that the technique for producing
the null could be achieved in a dual reflector system, or other
multi reflector systems. The invention could, for example, be
implemented in a Gregorian or a Cassegrain reflector system.
The steps for creating the zero directivity can be created in
either or both of the main reflector and the subreflector. The
invention could also be applied to dual-gridded antennas.

Furthermore, the invention as described could be realised
with a reflector made from a material capable of surface
reshaping dynamically or as a single irreversible instance in
situ using an array of control points employing mechanical,
piezoelectric, electrostatic or thermal actuators. An example
realisation is a mesh controlled by a set of spring loaded ties
with mechanical actuators.

The invention claimed is:

1. A satellite antenna arrangement for a satellite commu-
nication system comprising:

a reflector configured to produce a far field radiation pat-
tern with near-zero field strength at a predetermined
location in a main beam to reject unwanted signals from
said predetermined location or minimise signal power
transmitted to said predetermined location, the reflector
having a surface comprising a stepped profile arranged
to generate the near-zero field strength in the predeter-
mined location, wherein the stepped profile extends
radially from the centre of the reflector, and the height of
the stepped profile is chosen to produce the near-zero
field strength at the predetermined location in the main
beam.

2. A satellite antenna arrangement according to claim 1,

wherein the reflector is shaped to produce a contoured beam.

3. A satellite antenna arrangement according to claim 2,
wherein the location of near-zero field strength is adjacent the
contoured beam.

4. A satellite antenna arrangement according to claim 2,
wherein the location of near-zero field strength is off centre
with respect to the contoured beam.

5. A satellite antenna arrangement according to claim 1
further comprising a feed configured to receive radiation from
said reflector or transmit radiation towards the reflector.

6. A satellite antenna arrangement according to claim 5
further comprising a radiator configured to generate a radia-
tion pattern for repositioning the location of near-zero field
strength.

7. A satellite antenna arrangement according to claim 6,
wherein the feed comprises a first feed and said radiator
comprises a second feed positioned to point directly towards
the far field and configured to produce a beam that covers
substantially the same region as a beam reflected by the
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reflector, the second feed being controllable to adjust the
amplitude and phase of the beam of the second feed for
repositioning the location of near-zero field strength.

8. A satellite antenna arrangement according to claim 1
further comprising a positioning mechanism configured to
steer the reflector to reposition the location of near-zero field
strength.

9. A satellite antenna arrangement according to claim 1,
wherein the stepped profile comprises a radial step.

10. A satellite antenna arrangement according to claim 1,
wherein the stepped profile comprises a spiral step.

11. A satellite antenna arrangement according to claim 1
wherein the stepped profile defines a phase singularity in the
aperture field pattern of the antenna.

12. A satellite antenna arrangement according to claim 1,
wherein the stepped profile comprises a smooth stepped pro-
file.

13. A satellite antenna arrangement according to claim 1,
wherein the phase of said far field pattern in the vicinity of the
position of the near-zero field strength progressively
increases through 360° with angular progression through
360° around the position and the amplitude of said far field
pattern in the vicinity of the position varies substantially
linearly about said position of near-zero field strength.

14. A satellite payload comprising the satellite antenna
arrangement according to claim 1.

15. A satellite antenna arrangement according to claim 1,
wherein the stepped profile comprises a step extending from
an edge of the reflector to the centre of the reflector, and the
height of the step is chosen to produce the near-zero field
strength at a predetermined location in the main beam.

16. A reflector for a reflector antenna shaped to produce a
contoured beam and comprising a stepped profile to generate
a region of near-zero field strength in the far-field of the
antenna, the stepped profile configured to extend radially
from the centre of the reflector, the stepped profile further
configured to generate the region of near-zero field strength at
apredetermined location off centre or adjacent the contoured
beam, and the height of the stepped profile is chosen to
produce the near-zero field strength at the predetermined
location.

17. A reflector according to claim 16, wherein the stepped
profile comprises a radial or a spiral step.

18. A satellite antenna comprising:

a reflector;

a first radiator configured to receive radiation reflected
from the reflector or to generate radiation for reflection
by the reflector; and

a second radiator configured to produce a beam that covers
substantially the same region as a beam reflected by the
reflector, the reflector comprising a stepped profile
arranged to generate a region of near-zero field strength
in a main beam of the far-field radiation pattern of the
antenna, wherein the stepped profile extends radially
from the centre of the reflector, the height of the stepped
profile being chosen to produce the near-zero field
strength at a predetermined location in the main beam,
and the second radiator being controllable to adjust the
amplitude and phase of the beam of the second radiator
for repositioning the location of the near-zero field
strength.



